The SRY (sex-determining region Y) gene encodes a transcription factor characterized by a DNAbinding motif termed the HMG (high mobility group) domain. The SOX (Sry-box) genes comprise a large family related by homology to the HMG-box region. We isolated a cDNA clone with an open reading frame encoding a putative protein of 384 amino acids, which shared 83% identity to the mouse Sox18 protein. Northern blot analysis revealed that a 1.9-kb band of human SOX18 messenger RNAs was predominantly expressed in heart, although weak signals were seen in brain, liver, testis, and leukocyte. By polymerase chain reaction (PCR)-based analyses with both a human/rodent monochromosomal hybrid cell panel and a radiation hybrid panel, the gene was mapped to the chromosome 20q13.33 region.
Introduction
The SRY (sex-determining region Y) gene is located on the Y chromosome of mammals, and SRY encodes a DNAbinding motif known as the HMG (high mobility group) box, defined by a 79-amino acid region. To date, more than 100 HMG box-containing proteins have been reported. The HMG box-containing proteins are classified into two distinct subgroups according to the sequence-specificity of the binding, the number of the DNA binding domains, and phylogenetic considerations (Laudet et al. 1993) . One important subgroup includes SRY and SRY box-related (SOX) genes.
The SOX genes comprise a large family which has sequence identity of more than 60% within the HMG-box region of SRY. At present, about 30 members have been reported, which can be classified into seven subgroups based on their structural similarity (Cremazy et al. 1998; Wegner 1999) . SOX proteins are transcription factors that have a critical role in the regulation of numerous developmental processes. Mouse Sox1, Sox2, and Sox3 are expressed in the developing nervous system and urogenital ridge (Collignon et al. 1996) . In addition, mouse Sox11 has been implicated in neural development, because Sox11 is prominently expressed in the developing central nervous system (Uwanogho et al. 1995) . Recently, we have isolated a full-length SOX11 cDNA which is transcriptionally induced during neural differentiation (Azuma et al. 1999) .
Here we report the entire sequence, expression profile, and chromosome mapping of the human SOX18 gene.
Source and isolation of human SOX18 gene
In the present study, we searched human cDNA tags for previously unknown SOX gene family members in the public database, using the tBLASTN program (www.ncbi.nlm.nih.gov/cgi-bin/BLAST/nph-newblast? Jform ϭ 1) with an HMG-box sequence as a query sequence. We found a human partial sequence for a putative SOX protein (accession number X65664). To obtain a fulllength cDNA for the new protein, we performed 5Ј-and 3Ј-rapid amplification of cDNA ends (5Ј-and 3Ј-RACE), using the partial sequence, and isolated cDNA clones from a human heart cDNA library. 5Ј-RACE experiments were performed using nested primers, 5Ј-AAG GGC CGC TTC TCC GCC GCG-3Ј (corresponding to nucleotides 546 to 526) and 5ЈGCT CCT TCC ACG CTT TGC CCA-3Ј (corresponding to nucleotides 521 to 501), with a Marathon cDNA amplification kit (Clontech, Palo Alto, CA, USA). 3Ј-RACE experiments were performed using nested primers, 5Ј-CTG GGC AAA GCG TGG AAG GAG-3Ј (corresponding to nucleotides 500 to 520) and 5Ј-CGC GGC GGA GAA GCG GCC CTT-3Ј (corresponding to nucleotides 526 to 546). Several independent cDNA clones were sequenced by a primer walking method, using an ABI377 sequencer (Perkin Elmer, Norwalk, CT, USA) according to the supplier's instructions. The resultant consensus sequence of the cDNA was 1,339bp in length, and it encoded a putative protein of 384 amino acid residues, with the HMG-box DNA-binding domain spanning residues 84-162 (Fig. 1a) . Putative nuclear localization signals RRKK and RKARR were found at residues 157-160 and 163-167, respectively (Fig. 1a) . A search of the protein data banks indicated that the deduced amino acid sequence conformed with mouse Sox18 protein (accession number, L35032; 83% identity, 85% similarity); thus, the isolated cDNA represents the human SOX18 protein. The nucleotide sequence of the human SOX18 gene will appear in GenBank/EMBL/ DDBJ databases under the accession number, AB033888. The alignment of predicted amino acid sequences of human and mouse SOX18/Sox18 is shown in Fig. 1b .
Expression profile of Human SOX18 gene
Northern blots of poly (A)ϩ RNA from various human tissues were hybridized with the radio-labelled human SOX18 cDNAs, and the gene expression profiles in various tissues were analyzed. The autoradiograms of the blots are shown in Fig. 2 . A major band of approximately 1.9 kb in length (Fig. 2, arrows) was detected abundantly in heart, and moderately in placenta, lung, skeletal muscle, kidney, spleen, prostate, and small intestine. In contrast, a very weak signal was observed in brain, liver, testis, and leukocyte. Other minor signals (approximately 5.0 and 0.7 kb) were also observed. The longer signals were transcribed ubiquitously in various tissues, and the shorter signals appeared in heart, pancreas, and colon. At present, we do not know whether the longer and shorter signals are derived from an alternative form of human SOX18 mRNA or whether they represent other related gene transcripts. 
Chromosome mapping of human SOX18 gene
Chromosomal assignment of the human SOX18 gene was done by polymerase chain reaction (PCR) analysis of a human/rodent somatic cell hybrid panel (National Institute of General Medicine Service, Coriell Cell Repositories, Camden, NJ, USA) and a radiation hybrid panel (Genebridge 4; Research Genetics, Huntsville, AL, USA), as described previously Seki et al. 2000) . The human SOX18-specific PCR primers (5Ј-GCC AGC AGC GCG GTC TAT TAC-3Ј, nucleotides 1259 to 1279; 5Ј-AGG AAG CGC TGC AGG GAC CCG-3Ј, nucleotides 1316 to 1336), gave rise to an amplified 78-bp product by genomic PCR. First, the specific amplified product for the human gene was detected only from the hybrid containing human chromosome 20 (data not shown). Further mapping analysis was done, using a radiation hybrid panel with the same primer set. Statistical analysis of the radiation hybrid data was performed using the RHMAPPER software package (http://carbon.wi.mit.edu:8000/cgi-bin/contig/ rhmapper.pl). The data vector for the human SOX18 gene was 1000010000 0000000011 1001010000 0001000000 1200100000 0111111011 1100001110 0010010101 1000001000 000, and the consequent report indicated that the gene was placed to 32.30 cR distal to the marker D20S173 (LOD score for linkage 11). The region including the marker was cytogenetically mapped to the 20q13.33 region (Fig. 3) . This region shows homologous organization to the mouse chromosome 2 terminal region (www.ncbi.nlm.nih.gov/Homology) (Fig. 3) . Mouse Sox18 was mapped to the D2Mit74 region, using the EUCIB interspecific backcross facility (Greenfield et al. 1996) . Thus, it was confirmed that the mouse and human genes encoding SOX18/Sox18 are localized in a region with conserved linkage homology between these species.
Some members of the SOX family have been shown to be associated with human diseases. For example, SOX9 is associated with the skeletal malformation syndrome, campomelic dysplasia, while SOX10 is associated with Waardenburg-Hirschsprung disease (Wagner et al. 1994; Foster et al. 1994; Southard-Smith et al. 1998; Kuhlbrodt et al. 1998; Pingault et al. 1998 ). At present, no inherited disease loci appear to be mapped to chromosome 20qter in which SOX18 is located. The precise chromosomal position and expression profile of the SOX18 gene may contribute toward the ongoing positional candidate approaches for disease genes linked to this genomic locus. Fig. 3 . Chromosomal placement of the human SOX18 gene at a relative distance to framework markers on the WICGR radiation hybrid map of the human genome (http://carbon.wi.mit.edu:8000/cgi-bin/ contig/phys_map). The approximate corresponding cytogenetic location of the genes on the chromosome 20q13.33 region is indicated. Human/mouse homology regions around the SOX18/Sox18 genes are indicated
